The crystallization behavior of drugs from supersaturated solutions containing carboxymethylethylcellulose(CMEC)was investigated to clarify the mechanism of supersaturation phenomena from solid dispersions with enteric coating agents in JP XI 2nd fluid(pH 6.8). Nifedipine,griseofulvin and spironolactone were used as drugs.The rate of crystallization of all drugs was remarkably inhibited by the presence of CMEC.It was found that the inhibition was not due to solubilization of the drugs by CMEC. The crystallization kinetics from supersaturated solutions suggested that the process of crystal growth itself was directly inhibited.Physical properties of the crystallized mass were also investigated in the case of nifedipine.It was thought that the inhibitory effect of CMEC on the drug crystallization was due to the adsorption of CM EC at the solid-water interface at the stage in which a hydrophobic drug crystal surface was formed,and further drug molecules could not deposit easily on the crystal surface for the following reasons;(1)formation of a step or kink,which is necessary for the crystal growth,was inhibited by polymer adsorption,and(2)molecular diffusion to the crystal surface was inhibited by the adsorbed polymer.
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Keywords-nifedipine;griseofulvin;spironolactone;solid dispersion;supersaturation;crystallization;crystal growth Chiou and Riegelman defined a "solid dispersion" as a dispersion of one or more active ingredients in an inert carrier or matrix in the solid state prepared by the melting(fusion), solvent,or melting-solvent method. 2) It is well known that many drugs in solid dispersions are present as a high-energy amorphous phase and a solid dispersion using a water-soluble carrier shows supersaturation of a poorly soluble drug when the system is added to an aqueous medium.3)It can be considered that the dissolution of the drug takes place in the solid state prior to its exposure to the liquid medium. 2) A few investigators have examined the dissolution mechanism of solid dispersions.4) However,quantitative analysis of the dissolution behavior in the amorphous state is quite difficult,since the amorphous state does not possess heat of fusion or solution,and this state transforms to the stable crystalline form easily during the experimental period.
We attempted to apply a solid dispersion technique using different types of enteric coating agents as inert carriers to control the absorption behavior of water-insoluble drugs.5) Most of the drugs in these solid dispersions were amorphous,and the dissolution of the solid dispersions was practically nil in JP XI 1st fluid(JP XI disintegration medium,pH 1.2). However,they dissolved rapidly in JP XI 2nd fluid(JP XI disintegration medium,pH 6.8) Particle Size of Crystallized Drug-Mean particle diameter of crystallized drugs was measured with a particle size analyzer(PCA-11,System Science Co.,Ltd.). Membrane Permeability of Drugs-In order to identify the association of CMEC and the drugs,membrane permeability of drugs in the presence of CMEC was investigated using the equilibrium dialysis technique and a diffusion cell.The membrane used in these studies was seamless cellulose tubing(Visking Company). 
Results and Discussion
Dissolution Behavior of NP Solid Dispersions Effect of the Amount of Sample Added on the Dissolution Behavior Figure 1 shows the dissolution behavior of NP from solid dispersions(NP:polymer=1:3)in JP XI 2nd fluid. Effect of CMEC on the Dissolution Behavior of Eudragit L Solid Dispersion-Eudragit L solid dispersions were dispersed in JP XI 2nd fluid containing 150mg of CMEC,and the dissolution behavior of NP was investigated to confirm the inhibitory effect of CMEC on the recrystallization of NP (Fig,2) 
where R is the crystal growth rate,K is the growth rate coefficient,C and Ce are the bulk solution concentration at time t and the equilibrium(saturated)concentration,and n is the growth order. Kawashima et al.8 evaluated the crystallization kinetics as follows.The mass of crystal W is represented by Eq.2.
where C.is the initial bulk concentration and V is the volume of the solution.The mass growth rate Eq.3 is derived by differentiating Eq.2 with respect to time t.
From Eq.1 and Eq.3:
When n is equal to one,showing that the kinetics was corresponds to diffusion-controlled crystal growth,the decrease of supersaturation with time during crystallization followed an exponential decay as expressed by:
In(C-Ce)=-Kt/V+E (5) where E represents the supersaturation at the onset of precipitation. Figure 4 shows the crystallization of drugs from JP XI 2nd fluid containing various concentrations of CMEC.The drug(100mg)was added as an organic solution(25mg/ml), and the logarithm of(C-Ce)was plotted versus time.The solubility value of each drug in JP XI 2nd fluid was used as Ce.
In the case without CMEC,the change in bulk solution concentration followed firstorder kinetics for all drugs.However,the linear relationship between ln(C-C e)and t was not observed in the presence of CMEC,showing apparent non-diffusion-controlled crystal growth.That is,a process other than the transfer of drug molecules in the diffusion layer nifedipine griseofulvin spironolactone might be rate-determining.The mass growth rate at time t was calculated.A log-log plot of growth rate R versus supersaturation(C-Ce)is expected to be linear from Eq.1,and n could be determined readily from the slope (Fig.5) Figure  6 shows the results of microscopic observation of crystallized drugs in JP XI 2nd fluid containing CMEC at 4h after the addition of a drug solution.
The shape of drug crystals changed remarkably with increase of CMEC concentration.
That is,a finely divided spherical mass was obtained at higher CMEC concentration.
NP was selected and the effect of CMEC on the crystallization of the drug was further investigated. (Fig.7) .
The pattern of crystallization was biphasic under all experimental conditions.The concentration of NP decreased rapidly in the early phase,and the rate of crystallization decreased later.The rate of crystallization in the early phase increased with increase of the amount of seeding crystals.However,the slopes of the later phase were similar and the calculated value of(n)from the slope was more than one in each case,showing apparent nondiffusion-controlled crystallization.When CMEC was not present,an extremely rapid decrease of the concentration of NP to the solubility value was observed under each seeding condition.Thus,it was thought that the nucleation process was not the main factor controlling the apparent non-diffusion-controlled crystallization,but that the crystal growth itself was influenced by the presence of CMEC. Then,the effect of pH on the crystallization of NP in the presence of CMEC was investigated. Figure 9 shows the effect of pH on the dissolved amount of NP at 4h after the addition of NP.
In 
Conclusion
It was suggested that the adsorption of CMEC on the surface of NP crystals was the main factor in the inhibitory effect of the polymer on the crystallization of NP from supersaturated solution.However,the change of apparent diffusion layer thickness did not explain the phenomenon that the crystal growth was non-diffusion controlled.It was thought that the mechanism of crystal growth inhibition was due to difficulties of molecular deposition for the following reason(s)(1)and/or(2).
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